This note is a study of the problem of the steady motion of an inviscid incompressible fluid past thin airfoils, the Hall effect being taken into account. The case of crossed fields (one of the most important in aerodynamics) is studied in detail. The results for the cases of aligned fields and Alfven motion are also given. The general solution is represented by a continuous superposition of plane waves. The boundary conditions determine the solution by means of a Fredholm-type integral equation which may be solved with the aid of the method of successive approximations. If the parameter of the magneto-hydrodynamic interaction (S) is equal to zero, one obtains the known solution of classical aerodynamics. The equation is solved explicitly for Alfven motion.
«<», + !>,) + --^ -,^ = °,
Rex = -vR(vx + b") + Rvz + (1 + v2) -r1-,
dy Se--(*-£)»•• t" t" "• <5> lim , vy , v, , p, bx , by , b, , ex , ey) = 0.
i' +1/3 -►<*> From (1) and the first of Eqs. (2) we have Avy + SAbx = 0, A -d2/dx2 + d2/dy.
From (3) and (4) we eliminate vx + bv. From the resulting equation, from (5) and the last of Eqs. (2) we also eliminate ex, e" and vz. We obtain P>. 0, P-a£ + SS*-g£.
By deriving (6) with respect to x and y and taking account of (1), we find an equation in vy , bx and b, . On eliminating from this equation vy with the aid of (6) we get aP6--' 4 h£y> "■ ' »■ <9>
so that: Aifc} = »■ L = P* + "* J?Ty' A' <10> Lb, = 0. (10') For v -0 we obtain the equation valid when the Hall effect is negligible [7] . 
The last equation may be also written a(r2 + l)2 + 2 b(r2 + i) + c = 0,
a = (i\ -RS)2 -v2\2 = a, + ia2 , c = R2(S + l)2, b = R(S + 1 )(tX -RS) + I^X2 -6, + ib2 .
The roots of Eq. (12) are distinct and complex. The first assertion results from the relation b2 ^ ac and the second from the fact that if in (12) r had been real, we should have had di (r2 + 1)" + 26i(r2 + 1) + c = 0, a2(r~ + 1) + 2 b2 = 0.
But the real roots of the last equation, Sr2 = 1, do not verify identically the previous equation.
We denote r0 --i sign X and by r,-(j = 1, 2) the roots of Eq. (12) for which s,-= -i\rj have negative real parts. Since Eq. (12) is biquadratic, two roots have this property no matter whether X is positive or negative. The last assertion results from the fact that the roots of Eq. (12) are expressed by radicals and from the observation that for two real numbers a and /3 we have (2a + 2i/3\-l)1/2 = sign /3{(a2 + A"2)172 + a}1/2 + i sign X{(a2 + /32\"2)1/2 '
The remaining three roots have positive real part. Elementary calculations show that for large X we have rx = -isign X + 0(R2\~2),
4. General solution. Taking account of (6), (10) and (10 ) 
s,Ct = ±P,Bf , P, = i\(r2 + 1) -RSr, + R.
Finally, from (4) and (5) we get pR^"\-(x, y) = J (Ri\ 1 -1) X | r' jri 1P,B* exp ( -i\x ± s,y) d\.
In the above notation the top line indicates the solution valid in the upper half-plane (:y > 0) and the bottom line the solution in the lower half-plane (y < 0). The unknowns B\ are determined from the boundary conditions.
5. Boundary conditions. We assume that the airfoil equation is
Yi satisfying Holder's condition. The following relations result:
where [0] = <fi+(x, 0) -<t>~(x, 0) and t(x) = 1 \x\ < 1, = 0 \x\ > 1.
By using the inversion theorem of Fourier transforms, we deduce the following equations from the general solution and the boundary conditions:
J-co
From (24) we get zn + 5; = 2 a J,
(<S + l)aai = -r1F2 , (S + 1 )aa2 = r2Pi , ^0') (5+ 1)0^0=1, a = (i\ + R)(r\-rl).
Since Eqs. (25) become
there results s; = /3;B0+ + 7,/,
Taking account of (27), Eq. (23) becomes
On using the pressure expression we deduce
which is useful for the calculation of lift.
(28)
The condition of pressure continuity outside the airfoil yields
By means of the inversion formula for Fourier integrals, we deduce from (29)
so that (28) becomes
In conclusion, by determining /(a:) from Eq. (32) we get from (31) B+0, from (27) B* and from (26) B~k . The lift may be calculated with the aid of (29). All the determinations can be made since the roots r# are distinct.
6. The Fredholm-type equation. Taking into account (14) we obtain
|x|+ 0{K x h u ~ i + / + (i + vy/2' which shows that the kernel (32') is a distribution. According to [8] ,
-co so that there results
K* being obtained from the expression of K by replacing k by k*. K* is a convergent integral. Accordingly, Eq. (32) becomes the singular integral equation
IT t -X J-t where the sign "(P" indicates the principal value in the sense given by Cauchy. In the aerodynamics of thin airfoils the singular integral equation 
The integral equation (38) solves the problem completely. It may be integrated by the method of successive approximations, the first approximation being the solution given in classical aerodynamics (S = 0). The solution is general. By particularization we deduce the solution given by Sears and Resler [11] for the perfectly conducting fluid as well as the solution for the fluid with nonzero electrical resistivity [12] , [13] , [7] .
B. Aligned Fields 7. Motion equation and the general solution.
In this case the disturbed motion is determined from the following system (see [2] and [4] (43')
•We also set r0 --i sign X. Taking account of the damping condition (6) we get the following general solution: C-= -P,P-, p,. = r ■ + 1 + i\_122((S -1).
As the notations coincide with those used in the preceding paragraph, they do not lead to ambiguities. 
E (B: -B-k) = 0, E r,P,(B+ + B~) = 0.
We get P* ~ Bk = 2akI, ( S-l)«o = l, (S -1)(P2 -P,K = -P2 , (S -1)(P2 -P.K = P, , Pj+ = /3;Po + 7jP, r2(P2 -P,)/32 = r0P, , (»S' -l)r2(P2 -P,)72 = (r3 -r0)Pl ,
r1(P2 -Pi)@i = -r0P2 , (5 -l)rj(P2 -P1)y1 = (r0 -rl)P2 .
On using the pressure expression we get
Imposing the condition /(x) = 0, |x| > 1, we get from (51) (S -TIB; = 7 -
so that (47) becomes
A"! ing the same expression (32'), where:
= -(5 -l)i sign X -S(S -l)/c+*, fc** = «/[X| + 0(P2(S -1)X~2 ). We also have
Imposing the condition of pressure continuity outside the airfoil, we get f(x) = 0, |a:| > 1, so that from (62) we have At = (1 + M2)/ + /" KO exP (ix<) dL (63) 10. Solution of the integral equation. By using formulae (61) and (63) we get the following integral equation from (59):
where
A'i l(< ~ ^ = ^ IT CXP 'tl ~ = "x ((7 + ln 14 ~
C being Euler's constant ( = 0.577215). Here we have used (34). The last integral is also a distribution [8] . Consequently, Eq. (64) will be written:
If we denote we deduce
7T J-i t -X so that the integral equation (64') becomes GhhT'/.:W^*-
The last integral can be calculated explicitly by using the known formulae:
exp (« cos r) = J0(m) + 2 22 cos nr, 
?r J0 cos r -cos 6 sm 9
I"(w) being the modified Bessel functions.
11. Determination of the lift. The lift is determined by the formula:
so that using the solution (70) as well as the formulae (71) and (72) This formula will determine the constant T0 as well as the lift and the solution of the problem.
12. The flat plate. In order to illustrate the above results, we will consider a flat plate at incidence e*. Using the notation t = iqt* we deduce:
The graphs shown in Fig. 1 show both the influence exerted by the fluid resistivity upon the lift, and the influence of the Hall effect. For R -0 (nonconductive fluid) the lift reduces to 2ire, a known formula from conventional aerodynamics. In fact, in this case 0 12 3 4-567 Fig. 1 the solution (70) also coincides with the solution given in nonconductive aerodynamics.
As R increases, the lift begins by decreasing, since dL dR -Q. The most important conclusion is that this maximum value of the lift exists.
D. An Approximate Solution in the General Case Eq. (79) coincides with (64') so that its solution will be given by formulae (70) and (77) in which « is substituted for <Sco. In particular, the lift will be determined by the formula: L = 2(r"/* -ft),
the expressions of , ff and r0 being given by the corresponding formulae given in Sec. 11 with the same substitution effected (« -> Sa>). The most important conclusion derives from the fact that in this approximation the lift is independent of the orientation of the external magnetic fields; this is acceptable from physical point of view.
